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Instrumentation




MRMS technique B%R
Not your father’s FT-ICR MS

Magnetic Resonance Mass Spectrometry

Fourier transform ion cyclotron resonance mass spectrometry FT-ICR MS
is a technique invented in 1973.

« Commercially marketed as FTMS by Bruker starting in the mid 80s.
* Introduction of solariX in 2009.

« The ParaCell™ was introduced in 2013 with solariX XR and several generations later, the
modern FT-ICR MS was nothing like the ones from 40 years ago.

* Indroduction of solariX 2xR in 2016 with quadrupolar phase detection.

« Since 2018 MRMS defines the next generation of instrumentation — not Orbitrap. Naming
follows NMR & MRI reflecting ease of use of MR systems.

-Bruker Confidential-
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Bruker’'s Magnet Technology B%R
NMR, MRI & MRMS: A long history of magnet innovations

Maxwell Magnet

Refrigerated Magnet

« 7T, 12T & 15T magnets « 7T magnet

« Compact design * Very compact design

« Small stray field « Small stray field

* No Liquid Nitrogen * No Liquid Nitrogen

- Extended liquid Helium hold time (290 L * No Liquid Helium fill needed

Helium once a year)
« Biennial cold-head exchange
* Quench duct required

« Biennial cold-head exchange
* No Quench duct required

scima)(
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Versatility, performance and accuracy BRGRER
- (<O
all in one platform

scimaX delivers unmatched versatility and unparalleled performance to provide answers with
confidence for your most challenging applications

» Molecular imaging of tissues
- > In-depth analysis of petroleum products
SCIma)( > In-depth analysis of complex environmental samples
» Comprehensive metabolomics and other life science studies
> Intact protein analysis
> Glycan analysis
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Versatility, performance and accuracy BRGRER
- (<O
all in one platform

scimaX delivers huge diversity of ionization sources and fragmentation methods

ParacCell, 1w and
2m detection,
SORI-CID, ECD,
EDD, EID

Q-CID, ETD,
n-ETD, CASI

MALDI,
CID LDI, Imaging

In-source }

/ESI, APCI,
APPI,

nanoESI,

GC-APCI,

DIP probe
\_ p
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MRMS Detector

e Dynamically harmonized ICR cell (DHC):
Harmonic, parabolic potential for all
cyclotron orbits

e  Maximum resolution > T0M already at 7T

e Detector cell for Bruker MRMS

e Detector cell for the NHMFL 21T
instrument based on DHC concept

ParaCell XR detector

I. A. Boldin, E. N. Nikolaev, Rapid Commun. Mass Spectrom., 25,122, (2011)
E. N. Nikolaev, I. A. Boldin, R. Jertz, G. Baykut, J. Am. Soc. Mass Spectrom., 22,1125, (2011)
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The MRMS experiment

1) Get your analyte in the detector
(Trap ions)

2) Get it ready for measurement
(Excitation)

3) Measure your analyte
(Detection)

4) Get a mass spectrum
(Fourier Transformation (FT) and Calibration)

BRUKER

Recorded ion motion (,transient”)

detection timg

ParaCell stabilizes low abundant

ParaCell stabilizes low M

abundant ions 200 300 400 500 600 70O 800 900 1000 m/z
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BRUKER

Effect of Transient Length and Resolution

Long transient High .
resolution
Medium transient Medlum
resolution
. Low
Short transient .
resolution

MRMS can trade resolution for speed or speed for resolution.
MRMS has no limit of mass resolution!
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1w and 2w detection technology

Standard 1w Dipole Detection ) )
Direct detection of the P

cyclotron frequency w, KR

/i\
RDi =v-T detection
pole
@5 o

I:> information

I+

)

RF
2w Quadrupolar Detection (QPD)

€

Detection time >
/1\ AAANAND D —

? | Doubled amount of
(D) —ﬁ@/\\ ?._> information

TN

\1:/ 5 Sirect d oot th 5 double resolution
rect detection of the
' ' (2)(R> or

double cyclotron frequency
QUADRUPOLE-DETECTION FT-ICR MASS SPECTROMETRY* 2w, ~___~ dOU ble Speed

Published 1990 RQPD =2-v-T=2- RDipole
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Isotopes




Introduction - stable isotopes

Number of protons

© 2021 Bruker
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Isotopes

Nature offers a way to avoid wrong formula assignments
error:

e Chemical elements consist of isotopes with different
abundance. E.g. carbon consists mainly of 12C with
1.1% heavier 13C

e Duetothe mass defect, the mass difference between
these isotopes are non integer values, e.g. A('2C;13C) =
1.00335Da

e The mass difference between different isotopes are
different

e Example: IFS of caffeine (measured with 7T 2xR)

e |FSyields information on the elemental composition
of the analyte

BRUKER

mass defect / mDa

12¢ 14N 32g
12.00000 14.00307 31'97‘207 1.99594Da :
0.99953Da} 33g
1.00335Da 0.99704Da H
— 5 — « > {(0.8%)
i :  0.99641Da;
i 13¢ i 15N je—>: 3485
{(1.1%) i(0.37%) - 9:6%;50/0)
H H . )
12.00 13.00  m/z 14.0 ‘ 15.0 m/z 32.0 33.0 m/z
10 IH
. I 1BE 1y
a5 12
] . - N c —
. wo [l
160
10
15
20
25
-30 325 13g
35 3ag
195.087686
P 1.00626 .. -
____________________ 1.00334_ _____________,
- ’;"3C o CHS
/
..0.997004 | HC N
i | ; N | >
1o | - molecule A Y
L — == . e N N
— . contains (|:H Caffe
1 | + N, C and H » Caffeine
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MRMS provides Isotopic Fine Structure B%ﬂ

Evolution of innovation enables routine

access to Isotopic Fine Structure (IFS)
analysis S
; | ﬁ
scimaxX :" | e
(77,2018) § |
i
o |
solariX 2R (e g™ 1
(7T,2016) o [
L 675
- ,counting” heteroatoms reveals the
molecules content
solariX
(2009)
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Isotopic Fine Structure

© 2021 Bruker

eXtreme Resolution enables confident results

N
C,4H,6Ns0sS, Yy . R=50,000
A+1 isotope ///
___-/ >
/“ \\ R=100,000
/_// \\
, _ A R=250,000
Monoisotopic rf n\
.'J |
” . _// \
lﬂ.
|I 13c
Resolve unique fl R=500,000
es_‘emental .| |I
@ signatures 15N \_3,3§__.'; | l\_’H
512.160 512.170 512.180 512.190 m/z
A+2 A+3
AN Bl
| INLANL L L LR B LB B B LN BN L I L L
511 512 513 514 m/z

Example: A+1 peak of C,,H,sN;05S,
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Introduction to petroleomics

- = K. Akbarzadeh et al, Qilfield Review, Asphaltenes - Problematic but Rich in Potential, 2007.
SARA Fractionation

Crude oil

|
Dilute with n-alkane
|

!

Maltenes
I - -
Adsorb on silica, Precipitate
elute with
|
I I I
n-alkane Toluene Toluene/methanol
\ \’ \ \/
Saturates Aromatics Resins Asphaltenes

GC/MS GC/MS MRMS MRMS
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BRUKER

Mass spectra in petroleomics

= 303.21073 303.21410
Mass resolution and mass accuracy [ o ][ o
[ 02ppm JI 0.1 ppm
303.21414
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Data processing in petroleomics C325

Data processing

PetroOrg software

. . Molecular Formula calculation
Internal recalibration
Export — :

e mass spectrum O —
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- T
Compound classes of crude oils BRGRER
Variation of crude oils SINTEE

. . . . . *Samples have been kindly provided by Dr. Kolbjgrn (SINTEF, Trondheim, Norway)
Oil 8 and 8a: identical oils from different bottles

0Oil 9a: Oil 9 one day in ion source at 3 mbar

mOil1
m QOil 2

Oil 3

Oil 4
m Oil 5
mOil6
wOil7
mOil 8
m Oil 8a
mOoil9
m Oil 9a
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Measurement of a complex asphaltene

APCI results - Overview of spectra

Intens. +MS
x108
1+
443.370592
1+
387.307965
6 -
1+
1+ 513.448860
227.088921
4 -

200 300 400 500 600 700 800 900 1000 m/z



Measurement of a complex asphaltene
APCI results - Zoomin @ m/z 399 - 403

Intens. - +MS
x108 |

1+
401.323697

1+
399.307949

1+
402.326998

1'- 1+
| 400.311371
0 | ..........LLl Jl; lhu.l;ﬁ . . ;LALLl - .ul“ \ 1l ', m.n l“

399.0 399.5 400.0 401.5 402.0 'm/z
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Measurement of a complex asphaltene
APCI results - Zoomin @ m/z 400

Intens. +MS
x107
1+
8 400311371
1+
400.401819
6 .
4 .
1+
400.217480 1+
400.368825
2 .
1+
| 400.126899 400357358
400.263542
400.172943 LJ
04 LM.M bbb I oo
400.15 400.20 400.25 400.30 400.35 400.40 m/z
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Measurement of a complex asphaltene
APCI results - Zoomin @ m/z 400.20 - 400.23

Intens. - ) . . - VS
X107 | Am (CySH,): 3.4 mDa € —> i€ —>| 8 annotated peaks in the
| i 400217480 i mass range of only 30 mDa
| Am (C,H;"3CSH,): 1.1 mDa i Am:3.4mDa |Am:3.4mDa {Am:1.1 mDa
25 §
| Am: 3.4 mDa e
2.0 . . i ;
| > ; { | Am:3.4mbDa |
15 400.209369 |
I Am:1.1 mDa
4 ! ! 1+
1.0 i i 400.221957
- 400.520850
400.205992 400.214111
0'5__ . 400.225329
400.218624 /\
0.0- AN M\ AVVAY JAVAAN An\ [A /AN /\ ~N /\/\/\/\ . /\/\/\/\/\/\/\/\/\/\,
400.205 400.210 400.215 400.220 400.225 m/z
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Measurement of a complex asphaltene
APCI results - Class plot

Class plot
40.00
35.00
&,
1) 30.00
O
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c 25.00
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Measurement of a complex asphaltene
APCI results - DBE vs. C plots of different classes
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Asphaltene fractions

Precipitated at asphaltenes at different solvent power

© 2021 Bruker

Relative Intensity
w 8 6K B B &8 & 8

\_/

Crude Oil

Heptane

24 h

=

Crude Oil +

Heptane

Filtration |

) |

Ss1

Intensity change of compound classes

APPI

ml
E15
m2
=5
010
0100

HC S2 S3 N1 N1 O1 O1 O1 N1 S4 N1 N1 O2
o1 01

s1 s1 s2 s2

S1

Nominal
pore size:
0.22 um

=

e

Deposit

\ g

Characterization

HCOR C (wt %)
1 82.86
15 83.58
2 84.08
5 80.94
10 81.35
100 80.33

E. Rogel, M. Witt, Energy & Fuels 2018, 32, 2653-2660.

H (wt %) H/C molar ratio
11.01 1.59
10.41 1.49
10.00 1.43
8.72 1.29
8.41 1.24
8.04 1.20

HCOR: heptane crude oil ratio
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Asphaltene fractions B.ggn

Precipitated at asphaltenes at different solvent power

Distribution shifts with higher HCOR to higher DBE

E. Rogel, M. Witt, Energy & Fuels 2018, 32, 2653-2660.

40 40 40
35{ 1 35{ 1.5 35-
30 30 2
25- ’ 25- ’ . 25-
L L L
@ 20 @ 20 0 20
(] (] (]
154 154 154
54 ° 5 - 5 -
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Carbon Number Carbon Number Carbon Number

% Total

Low

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 ||COR: heptane crude oil ratio
Carbon Number Carbon Number Carbon Number
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Crude oil_ B%%R
Hydroprocessing

E. Rogel, M. Witt, Energy & Fuels 2017, 31, 3409-3416.

Carbon Number Heteroatom contents as a function of time on stream
0 20 40 60 80 100 120 140 160

100 ; 0.45

90 + Feed

. after 0.40 -

St hydroprocessing
- wa | 0.35 -
. ﬁ:l: !

60 ey ' ¢ 0.30 M Feed
w SO g m368h
@ 50 e o
a £0.25 - 1968 h

40 ° -

% 2 0.2

30 % 0.20

20 2015

0 ' : ik O 0.10 -

v K P ° o, 3
feed 0.00 - T T
0 1 2 3 4 5 6
teed] — after Heteroatom Content

hydroprocessing

Comparison of the compositional space occupied by
molecules that disappeared from the feed during
processing to those that appeared in the products.
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Structure of Asphaltene molecules
CID of an Asphaltene fractions (APPI pos)

Q-isolation with a small mass window of 10 Da.

200

400

Quadrupole
isolation window

600

Q-Isolation:
m/z 595 - 605

800

1000

BRUKER

M. Witt et al., Petrophase 2018.

Island structurec

.'\'f!l-.___ = =

=R / |
’\.,.-«_\M_# AN Z
HO ’//J\‘/ il

/\,L "'_f—\/\,,

Archipelago structure

1200 m/z
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Structure of Asphaltene molecules B%R

CID of an Asphaltene fractions (APPI pos) M. Wittetal, Petrophase 2018,
40 = 40 = 40 40 v
5 N.a\/ l’ 5 2Na\/ l’ 5 !
351-0-eV ; 351--20eV 71 35 35
/ v /
30 o 30 y 30 30
4 l 4

25 ¥ | 5 ¥ l 25 25

L (0] L

Class S, @ 20 /’ @ 20 A & 20 0 20

Q 4 ' &) / ' @)

15 ” 15 A 15 15
’ / 3 A
1045 104 < S 4 10 10
5 e 5 i - ' 5
0 0 0 — 0 ,
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Carbon Number Carbon Number Carbon Number Carbon Number

40 40 40 —
35 35 35130 eV ,':
30 30 30 o
25 25 25
CIaSS S2 '50520 M 20 oM 20
15 15 15
10 10 10 ; .
5 5 5
0 0 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Carbon Number Carbon Number Carbon Number Carbon Number

No lossis DBE —» mainlyisland structures
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Improving S/N and mass resolution

Spectra stitching

Quad Isolation at m/z 560

Quad Isolation at
m/z 580

550 560 570 580 590 600 610 620 630

no. of peaks

no. of assigned peaks/percentage of total
no. of monoisotopic peaks

rms mass error for assigned peaks (ppm)
number-average neutral mass (Da)
number-average carbon number
number-average neutral DBE
approximate total analysis time (s)

Number of Peaks

30000

25000

20000

15000

10000

5000

broad band

59015
42182 (71.5%)
23946

0.19

647.5

44.7

15.9

2000

L. C. Krajewski, Anal. Chem. 2017, 89, 21, 11318-11324.

Peaks per 100 Da

%
_

NN\

NN\
N\

Mass (Da)

segmented

126264 (74.2%)
67237

750.2
49.7
1533

Innovation with Integrity |

= Broad-band Assigned
% Broad-band Unassigned
m Segmented Assigned
~ Segmented Unassigned

%
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Crude oil spectrum

Intens.
x108 -

BRUKER
Broad band spectrum (APPI pos) — North sea crude oil
1+ +MS
414.33149
1+
170.10901
226.3;109
302.;(;629

200 300 400 500 600 700 800 900 1000 1100 mjz
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Crude oil spectrum- spectra stitching
Stitched spectrum (APPI pos) — North sea crude oil

Intens.
x109

2.0

| 1
133.1011

TS

Loy

+MS(CASI 120.0)
+MS(CASI 140.0)
+MS(CASI 160.0)
+MS(CASI 180.0)
+MS(CASI 200.0)
+MS(CASI 220.0)
+MS(CASI 240.0)
+MS(CASI 260.0)
+MS(CASI 280.0)
+MS(CASI 300.0)
+MS(CASI 320.0)
+MS(CASI 340.0)
+MS(CASI 360.0)
+MS(CASI 380.0)
+MS(CASI 400.0)
+MS(CASI 420.0)
+MS(CASI 440.0)
+MS(CASI 460.0)
+MS(CASI 480.0)
+MS(CASI 500.0)

+MS(CASI 520.0)

200 300 400 500 600 700 800 900 1000 1160

|HA I TR
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Crude oil spectrum- spectra stitching a%n
Stitched spectrum (APPI pos) — North sea crude oil

ao” | Total spectrum contains 50 CASI
spectra for spectra stitching

2.0

1.5

1.0

0.5

00 Ll M M\“W _.

200 300 400 500 600 700 800 900 1000 1100 m/z
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Crude oil results — class plots B%R

Broadband and stitching spectra results (APPI pos)

40 40
35 35
30 30
25 25

@ 20 @ 20

a

Broad band

0
10 20 30 40 50 60 70 80 90 30 40 50 60 70 80 90 30 40 50 60 70

30 40 50 60 70
Carbon Number Carbon Number Carbon Number Carbon Number Carbon Number

30 40 50 60 70

Stitching

10 20 30 40 50 60 70
Carbon Number Carbon Number Carbon Number Carbon Number Carbon Number

20 30 40 50 60 70 80 90 10 20 30 40 50 60 70

0 0
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70
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Crude oil results — mass error plots
Broadband (left) and stitching spectra results (right)

RP 530k
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C—In(total)
7 +/- 371 ppb
19293 ions
dyn. range 452
——n(10<Int<100)

67 +/- 180 ppb
1675 ions

n(1<Int<10)
42 +/- 315 ppb
7547 ions

n(0.1<Int<1)
-29 +/- 426 ppb
10071 ions

number of ions

Innovation with Integrity |

C—n(total)
-9 +/- 220 ppb
29030 ions
dyn. range 723
——n(10<Int<100)

24 +/- 94 ppb
1734 ions

n(1<Int<10)
5 +/- 140 ppb
9136 ions

n(0.1<Int<1)
-19 +/- 258 ppb
18160 ions
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Application of ultra-high mass resolution:
Isotopic fine structure




BRUKER

Molecular formula verification

Intens. 1+ Lincomycin MS_000002.d: +MS
X109' 40722103 Lincomycin MS_000002.d: CigH3sN,06S, M, 1+, 407.22103
C18H35N206S
mass error: 0.04 ppm
6_
= ESIin positive ion mode
4_
= Mass resolution: 540k @ m/z 407
= External calibration with NaTFA cluster
N A+T
1+
408.22439
A+2
1+
409.i1683 A+3
0 406.5 407.0 407.5 408.0 408.5 409.0 409.5 200 410.5 m/z
[— Lincomycin MS_000002.d: +MS — Lincomycin MS_000002.d: C18H35N206S, M, 1+, 407.22103 |
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Molecular formula verification BRQKER
IFS of Lincomycin — A+1 pattern

Intens. ]

Li ycin MS_000002.d: +MS
0/.1 . 408.25'1&%1n Intens. -
1] black: measurement (%] | black: measurement s0sbass
] red: simulation 130
15
10: 15 -
5
408.21814 408.22053
0] T~ T N\/\_,
[%]] . . Lincomycin MS_000002.d: CisH3sN206S, M, 1+, 407.22103 10 ~1
1 red: simulation
1 ’ 1+
20: 408.22439
151
] 5
10 _ 15N 33g
] 2H
1 1 1+ 1+
5: J 408.21807 408.22042
1+ 1+ 0 : ) N4 . \ . .
o] 408.21807 408.22042 408.216 408.220 408.224 408.228 m/z
408.216 408.220 408.224 408.228 m/z
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Molecular formula verification BRQKER
IFS of Lincomycin — A+2 pattern

Intens. ] j 688 Lincomycin MS_000002.d: +MS Intens. 1
] Plack: measurerferit [%] 1 black: measurement
47 5 1 red: simulation
] ] 1+
3 ] 409.21683
5] 409.22780 47 343
] 409.22534 |
1] ]
] 3 B
] 409.22146 |
°/%- : L TS, 000002.9: CaHlaN2OS. M. 1r, 407.22103 1
[ ] red: simulation Ly comyern M- o€ PaaasTiates, W, S 457 - 13C,
] 409.21683 ] 1+
% 21 18()  409.20774
1 1333
1 ] C S 1+
1 1 409.22528
3 _ 13Q15N
1 -
1 1+ ]
2] 409.22774 |
] 1+ \ 1+
] 403.22528 | 409.2237
17 0 T T .—/\ T . T v T T
] 409.216 409.220 409.224 409.228 m/z
409.210  409.215  409.220  409.225  409.230 m/z
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Molecular formula verification
IFS of Lincomycin — A+3 pattern

Intens. 410.22024 Lincomycin MS_000002.d: +MS

[%]] '

0.8 black: measurement

0.6

0.4

410.22869
0.21
410.23114

0.0 410/.%\1399 J L\Mﬂ4\10.22468

[%] ] red: simulation 410, 5p5@mycin MS_000002.d: CisH3sN206S, M, 1+, 407.22103

0.8

0.6

0.4

1+
410.22863
0.21 1+
1+ 1+ 410.23112
410.21387 410.22473
0.0 r r r : r .
410.210 410.215 410.220 410.225 410.230 410.235 m/z

Intens. |
[%] 7 black: measurement
red: simulation 1+
410.22019
0.8 - 13C34S
0.6 | ‘ISCZ'I 5N
2H34S
0.4 1
‘ISC‘IBO
1+
410.22863
0.2 - 13
1+ C3
15N34S 10.23112
1+ L 1+
410.21387 410.22473
0.0 A

410210 410215  410.220  410.225 410.230  410.235 m/z

Innovation with Integrity |
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Molecular formula verification
IFS of Lincomycin — A+4 pattern

Intens.
[%] ]

0.06+

0.04+

black: measurement

411.21606

Lincomycin MS_000002.d: +MS
411.22359

411.23201

PAYS

[%] ] red. SimU|ation Lincomyci{1+MS_000002.d: CigH3sN206S, M, 1+, 407.22103
0.08- 411.22354
1+
0.064 411.2210
0.04+
1+
411.23199
0.02 1 1+
411.21604 /\
0.00 : /\ , :
411.210 411.220 411.230 m/z

BRUKER
Intens.
%] | black: measurement 1+
0.03 - . . 411.22354
: red: simulation hw y
C,3S
180343
0.06 1+
411.22108
0.04 -
130 18
C,'80
1
411.2B199
0.02 A 368
411.21604
411.210 411.215 411.220 411.225 411.230 411.235 m/z
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Molecular formula elucidation

LC Fraction of plant extract: Identify compound at m/z 442.1469

445120031
442146963
429.088734
413.266228
: Ilkm b b L hl.gm N hu b nll IL
380 400 420 440

467.101988

519.138842
503.107542
480.093931
493.349983
Wil .Ilk A .l.ulnl.llllkl..nhln klln.ﬂlml. lh nh:. | NN I\ : i
480 500 520 540 m/z

460

Innovation with Integrity |
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Molecular formula elucidation

LC Fraction of plant extract: Identify compound at m/z 442.1469

+MS2(449.360281)
445120031
l 467.101988
442 146963
Na-H !
< —> |
1
1
1
|
l
1
462146584 1
1
!
464.128908 '
- A - -~ l ]lL ) IVEN l.l".[‘ JIIT — \ N .- -~ e JIL Ikllh [N - 1 IL L
440 445 450 455 460 465 470
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Molecular formula elucidation

LC Fraction of plant extract: Identify compound at m/z 442.1469

© 2021 Bruker

-
SmartFormula Manuall

Adducts, pos.

Adducts, neq.

Measured mfz

Lower formula:

Upper formulg:

C12
P385N11]O1D

»_—

€ 12, M 0-10, O 0-10, P 0-3, 5 0-5

Mote: for m < 2000 the elements C, H, N, and O are considered implicitly.

M+H

M-H

-

[[] collect adducts

-
442, 146963 Tolerance:@ppm - Charge: 1

Meas. m/z

442.146963
442146963
442, 146963
442140963
442,140963
442, 146963

Ion Formula Score

C19H20N706 100.00
C2IH2TSP3 67.35
C19H28N30552 61.56
C27H24NO3S 39.38
C29H21IN3P 17.56
C20H32MN354 15.74

ol B o= W

mfz err [ppm]
442.146558 -0.011
442.147382 0.949
442, 146439 -1.071
442,.147141 0.403
442.1496761 -0.457
442, 147358 0.895

|

UL

Mean err [ppm)]
-0.036
0.935
0.973
-0.159
-0.471
1.701

mSigma
3.9
15.6
39.9
52.1
67.3
8L1

[] automatically locate monoisotopic peak

Maximum number of formulae

500

Chedk rings plus double bonds

Minimum -, 5

Maximum 4

Blectron configuration

Filter HfC element ratio Minimurm H/C:

Estimate carbon number

[ Copy to SmartFormula Parameters

0.2

Generate immediately

Maximum HfC: 2.2

Show Patterr:

Innovation with Integrity |
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BRUKER

Molecular formula elucidation

LC Fraction of plant extract: Identify compound at m/z 442.1469

1+ i
442 146963 Experiment
T+
443150325
1+
442 146958 CygH20N704
T+
443150322
1+ CyyHysNgP
442147382 21M27N5"3
T+
443150737
442.146489 CroHsN0sS;
1+ 1+
443.149852 444142285
442 114+71 41 C17H24NO5S
T+
T+
443150499 444142937
1+ CogHp NgP
442 146761
3150 1+
44315011
P 444153470
442147358 CaoFleaNgSs
1+ 1+
443.150713 444143154
4420 442 5 4430 4435 444.0 444.5 m/z
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Molecular formula elucidation

LC Fraction of plant extract: Check isotopic fine structure of A+1 pattern

443150325 Experiment
443.140835 443.144055
Good fit 443150322 C19HaoN; 06
443.143993
Good fit
443150737 CyyHyy NPy
443144417
443149852 C19H2gN3055)
443143524 443145877
443150499 Ci7H,4NOSS
443150116 CooHpNgP
443150713 CooHapoN3S,
443144393 443.146746
443138 4437140 443142 443144 443146 443148 443150 443152 443154  m/z

Innovation with Integrity |
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Molecular formula elucidation

LC Fraction of plant extract: Check isotopic fine structure of A+2 pattern

444.153694 Experiment
444151262
444.140323 444144103 4441 47344/\/\
Best fit 444153667
444151204 C1gHa0N70g
444147348
444.154092
CoqHyyNsPs
444147772 /\
444142285 C19H5N305S,
/\ 444.150375
444142937 444153851 Cq7H2uNO5S
444.150978
444153470 CooHyN5P
444147150 /\
444143154 CooH3oN3S,
444.150101 444154068
444,130 444.135 444,140 444.145 444,150 444.155 444,160 m/z
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Molecular formula elucidation

LC Fraction of plant extract: Check isotopic fine structure of A+2 pattern

-

SmartFermula Manually =

Lower formula: | C,4

CDaH

Upper formula: | P3S¢N5049 FO“C aC|d
C 12-n, N 0-10, O 0-10, P 0-3, 5 0-5
MNote: for m < 2000 the elements C, H, N, and O are consid
Adducts, pos.  M4H -

CO,H
Adducts, neg. - )\‘N

Measured mfz 442, 146963 Tolerance: 1 HEN
Meas. mfz  # Ion Formula mfz err [ppm] Meanerr [ppm] mSigma  rdb e Conf M-Rule ¥RScore

442146963 1 CI19H20NTO6 100,00 442, 145958 -0.011 -0.036 3.9 13.5 even ok 0.9999434
442,146963 2 C21IH2TMNIP3 67.35 442.147332 0.945 0.935 15.6 12,5 even ok 0.5244772
442,146963 3 CI9HZBN30552 6156 442,146489 -1.071 0,973 39,9 7.5 ewven ok 0.0000000
442146963 4 C27H24M0O35 39,38 442.147141 0.403 0,159 52.1 16.5 ewen ok 0.0000271
442,146963 5 C29H2ZIN3P 17.56 442.146761 -0.457 -0.471 67.3 21.5 ewven ok 0.7086159
442146963 & C20H3I2N354 15.74 442,147358 0.895 1.701 81.1 &5 ewven ok 0.0000000
14 1 | »

[7] automatically locate monoisotopic peak  Maximum number of formulae 500

Chedk rings plus double bonds Minimum 0.5 Maximum 40

Electron configuration

Filter H/C element ratio  Minimum H/C: .2 Maximum H/C: 2.2

Estimate carbon number Generate immediately

[ Copy to SmartFormula Parameters ] Show Pattern
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Isotpoic fine structure in LCMS (2w detection)

© 2021 Bruker

Innovation with Integrity |

6 January 2023 |

4 . . ) 4 . N\
Resolution IFS of Detection of ( Resolution IFS of Detection of h Resolution IFS of Detection of
600k @m/z 307 A+2 peak  Gallocatechin 980k @m/z 195 A+2 peak  Caffeine 400k @m/z 459 A+2 peak Epigallo-
Mass error . " ) Mass error 180 Mass error wl3C, catechin
175 ppb 0 13¢, g 47 ppb [ . O fCH3 51 ppb 180 ga”ate

& ) 13 > HSC\ N wo s OH
1+ b N 459.092211 OH
307.081283 H.g o ™= b 195087643 13C15N | /@
‘ ; 197.008056 0)‘\%] N/> Hom.“ OH
CHs L gﬁ
Q
,_,_,.L,.L.._,_,_, — i 41{\ J
\_ 300 J U & 200 Y, &T 500
1.0 4 10
0.8
0.6 4
LCMS-ESI(+)
Darjeeling tea, 1Hz 2 i i
Bruker scimaX /\j 5 RA w s ]
oo | N NS R e ) BPC
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Complex isotopic distribution and shgier
isotopic fine structure

i i c)
Metal organic chemistry |
a) v Experiment
B =12+ 521.783252
Br Br
wEE 522.782250
N 520784249 p)
h{ \ \ /~Br l
\ /) '\ \ l
B¢ 4 522282867  523.782775
L 3 519.285055
517.78588&18.{8481/1 l 524.781742
51 6.7|8693l'§ l . 525.283407
521783215  Theory: CaoH gBrgNg2
.
520.784239 522782192
519.784025 523.782728
520.284857 ‘
518.784949 522282808
517.785892 524.781706
51 6.?8687\9 ‘ | ‘ 525.283388
516 518 ' 520 ' 522 ' 524 ' 526 m/z
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Complex isotopic distribution and

isotopic fine structure

Metal organic chemistry

520.784277 .
a) Experiment
520.783216
520.785779
520.786541
Simulation
520.784239
520.783155
520.785755
520.786532
520.782 520.784 520.786 520.788 m/z
521.783285 .
C) Experiment
521.784807
521.782234
521.787637
T~
521.783215
Simulation
521.784760
521.782135
521.785509
521.787593
T T T T =T T T

521.780 521.782 521.784 521.786 521.788 m/z

521.283866 .
b) Experiment
521.283056
521.285932
521.284839
521.287469
521.283831 . .
Simulation
521.282974
521.285916
521.284832
521.287450
521.288209
521.282 521.284 521.286 521.288 521290
522.282895 .
d) Experiment
522.284956
522.286500
522.283877
522.287239
522.282808 . .
Simulation
522.284892
522.286446
522.281926
522.283813
/\ 22.287186
522.280 522.282 522.284 522,286 522.288 s e
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Summary of MRMS Applications

MRMS

Complex mixture analysis
(Petroleomics, NOM, etc.)

Small molecules and
Isotopic fine strcuture (IFS)

Biomolecules (proteins, etc.)

MALDI Imaging (lipids,
peptides, proteins with
HIPLEX tags, etc.)

© 2021 Bruker

MALDI Imaging

Label-free MALDI
imaging maps the
localization of drugs and
metabolites, providing
spatial correlation with
‘omics studies

Small Molecules

Flow Injection Analysis
(FIA) MRMS workflows
accelerate sample
throughput and increase

data depth in
Phenomics research

Petroleomics

Exact chemical class
information can aid in
solving problems in
petroleum collection,
processing, and
transport

Intact Biomolecules

Large intact biomolecules can

be analyzed for applications
in proteomics,
biopharmaceutical analysis,
and protein science
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